We construct five independent screening currents associated with the U q ( sl(3)) quantum current algebra. The screening currents are expressed as exponentials of the eight basic deformed bosonic fields that are required in the quantum analogue of the Wakimoto realization of the current algebra. Four of the screening currents are 'simple', in that each one is given as a single exponential field. The fifth is expressed as an infinite sum of exponential fields. For reasons we discuss, we expect that the structure of the screening currents for a general quantum affine algebra will be similar to the U
Introduction
It has recently been realized that quantum affine algebras play the role of dynamical symmetries in many two-dimensional quantum integrable systems. This is the case in both continuum theories such as the Sine-Gordan model [1, 2] , and in lattice models such as the XXZ quantum spin chain [3, 4] . For the spin- 1 2 XXZ chain (the anisotropic quantum Heisenberg model), the dynamical symmetry is that of U q ( sl(2)) at level 1. The calculation of equal-time correlation functions of local operators in this model turns into the problem of calculating traces of the vertex operator interwiners defined in [5, 3] as
(1.1) a screening current is that its operator product expansions (OPEs) with the current algebra under consideration are either regular or total derivatives.
In the context of conformal field theories with Kac-Moody symmetry, it is known that the screening currents split into two different sets [16] . The screening currents in the first set are each expressed as a finite sum of products of two terms. The first term consists of a first derivative of the basic free bosonic fields which arise in the Wakimoto realization of the current algebra [17] . The second term is expressed as an exponential of these same basic fields. The screening currents in this first set may be constructed in an algorithmic way from the bosonized expressions for the raising step currents [18] . The screening currents in the second set are expressed only as exponentials of the basic fields; they do not depend on their derivatives [16] . These screening currents are now related to both raising and lowering step currents, and there is the additional complication that some of them involve infinite sums of such exponentials.
In this paper we are interested in the case of quantum affine algebras. It has recently been shown in Ref. [19] that for U q ( sl(n)) there exists an analogue of the first set of screening currents described above. The screening currents now depend on both free deformed bosonic fields and their first quantum derivatives, and again can be read off from the bosonization of the raising step currents of the quantum current algebra. U q ( sl(n)) is presently the only algebra for which a Wakimoto realization in terms of free deformed bosons is available [19] .
The purpose of this paper is to show that the second set of screening currents also has a quantum analogue. We choose the special case of U q ( sl(3)) because in the classical case sl (3) is the simplest example which embodies all the features ofĝ: the screening currents which involve infinite sums appear here but not in sl(2) (for sl(2) only the screening currents which involve single exponentials appear). For the 'classical case' of sl(n), no more new features, other than computational complexity, arise in explicit computation of the screening currents than are present for sl(3) [16] . It is legitimate to expect that the U q ( sl(3)) current algebra will also maintain its special status in the quantum case. Nevertheless, we will briefly discuss the screening currents in the general case of U q ( sl(n)).
The paper is organized as follows. In Section 2, we review the bosonization of the U q ( sl(3)) quantum current algebra at general level k. In section 3, we present in four succes-sive steps our method for constructing the second set of screening currents associated with this algebra. In section 4, by way of comparison, we discuss the simpler case of U q ( sl (2)).
In addition we comment on the extension of our method to U q ( sl(n)) and make a conjecture concerning the single exponential screening currents. Section 5 is devoted to our conclusions. In appendix A, we give the definition of a general quantum current algebra U q ( g). In appendix B, we present four tables of OPEs corresponding to the four steps of section 3.
2 Bosonization of the U q ( sl(3)) Current Algebra
The definition of a quantum affine algebra was given in references [20, 21, 22] . For a brief summary of this definition, and that of the associated quantum current algebra, see Appendix A (more details are given in reference [19] ). Here we review the bosonization (the Wakimoto realization) of the quantum current algebra of U q ( sl (3)).
The number of deformed bosonic fields required for the free-field representation of the where as usual the normal ordering symbol :. . . : means that the annihilation modes {d i n , n ≥ 0} are moved to the right of the creation modes {d j n , n < 0} and of the shift mode d j . For later purposes, we list the three generic vacuum expectation values that will be required:
In what follows, all simple operators or products of operators defined at the points zq n with the same point z, for some integers n, are understood to be normal ordered. The q-integer
[n] is as usual defined by
For U q ( sl(3)), there are thus 8 bosonic fields labeled as
The corresponding deformed Heisenberg algebras are [19] [a i n , a
where a ij is the Cartan matrix of sl(3), i.e.,
and
Here the quantum derivative 1 D w appears. It is defined more generally by
For latter use, we also introduce the notation,
,
The screening currents are constructed by carrying out the following sequence of steps.
Step 1
be any of the seven basic currents defining the step currents E ±,i (z), i = 1, 2 of equation 2.9, and let G(w) = e g(w) be a candidate screening current constructed such that its OPE with J(z) is the following total quantum derivative:
where ∼ means 'equal up to regular terms', α and β are integers to be determined, and f (w)
satisfies the condition
This condition translates into the following relation:
There are two obvious solutions to this latter equation:
However, for the OPE of G(w) = e βY (w) with J(z) to then be a total derivative, we also require the following:
In Table 1 we compute all the OPEs of the form J i (z)e Y i (w) , i = 1, . . . , 7. Examining this table and relation 3.18, one can see that it is possible to satisfy condition 3.14 if we choose
, with the β i given by
Note that one can also read off the value α i appearing in each OPE J i (z)G i (w) from Table   1 . We find
Step 2
For any of the G j (w), j = 1, . . . , 7, to be a genuine screening current, its OPEs with all the remaining currents, i.e.,
, must be either regular or total quantum derivatives. We give these OPEs in Table 2 . They are indeed all regular except for the OPE J 2 (z)G 1 (w), which is neither regular nor a total derivative. Therefore
w) fails to be a genuine screening current. It might at this stage appear that we have already constructed six screening currents. However, as G 2 (z) = G 6 (zq k+1 ) and
, there are only four independent screening currents (it is trivial to see that if G(w) is a screening current, then so is G(wq n ), n ∈ Z). We denote these currents by
We have shown that from each basic current J i (z), i = 2, . . . , 7, one can construct a screening current S i (w). Putting it another way -the number of screening currents one can construct from each current E ±,i (z), i = 1, is equal to the number of J i (z) it contains.
This rule fails for
it has so far led to only one screening current S 2 (w) (the one associated with J 2 (z)) instead of two. This is because J 1 (z) fails to yield a screening current on its own. However, we show in the next step that all is not lost; this failure can still be corrected in a nontrivial way with the help of J 2 (z).
Step 3
Our aim in this section is to extract a second candidate screening current G (1,2) (w) from E −,1 (z) by using both J 1 (z) and J 2 (z) simultaneously. To this end, we compute the OPEs involving J i ± (z)e Y j (w) ; i, j = 1, 2 and J i ± (z)e X 1 (w)−X 2 (w) ; i = 1, 2. These OPEs are presented in Table 3 . As discussed above, the OPE J 1 ± (z)e Y 1 (w) is a total quantum derivative, i.e., e Y 1 (w) is a screening current with respect to J 1 (z); the problem is that the OPE J 2 ± (z)e
is singular with poles at z = wq ±1 . The idea is to correct this problem using a recursive technique. This is achieved as follows. First note that according to Table 3 the OPEs of the operator
with J i (z), i = 1, 2, though neither regular nor total quantum derivative, have the following 'nice' forms:
The relevance of these nice forms stems from the two possible quantum analogues of the chain rule:
To appreciate the rôle of these two different rules, let us consider the OPE J 1 (z)G 
then the following OPEs add up to a total quantum derivative:
(3.27)
The two values, m −1 = 0, 1, correspond to using 3.24 and 3.25 respectively for the rhs. Here we use the convention that G (1,2),mn n (w) (that will be introduced shortly for general n ∈ Z) are pure exponential operators with no overall multiplicative factors. In this notation, G From the preceeding discussion, a natural candidate for our screening is therefore
(w). However, using Table 3 one finds that the crossing
not add up to be either regular or a total quantum derivative. They are given respectively by 3.23 and
with
This means that one has to correct the above operator G This process continues infinitely many times. Table 3 allows us to perform the appropriate corrections recursively to end up with the following candidate screening current, which is expressed as a series,
where (w). In the former case, i.e., m ±n = m ±(n−1) , n > 0, one can easily check that
where,
In the latter case, i.e., m ±n = m ±(n−1) + 1, n > 0, we find
From the above relations it is therefore clear that the OPE
given by 3.31) is a sum of an infinite number of quantum total derivative terms. The sum is also a total quantum derivative since the quantum derivative is linear.
There are an infinite number of ways of choosing the {m n } and hence an infinite number of screening current candidates. However G (1,2) (w) does not yet qualify as a genuine screening current -we must also make sure that its OPEs with the remaining currents
, are regular or quantum total derivatives. This is the subject of the fourth and final step.
Step 4
In order to check the consistency of G (12) (z) with the remaining currents Table 4 . This table consists of all elementary 
is true if the following conditions are satisfied:
Since m 0 = 0 this means that
These two conditions uniquely select a single candidate screening current from the infinite set of candidates. Now that all the parameters are fixed, all that remains is to check that the OPEs of this unique screening current candidate G (12) (z) with the currents
and ψ i ± (zq ±k/2 ) are regular. This is confirmed by the following relations:
(w) = regular, n ∈ Z.
(3.41)
The last relation obviously means that the OPE of G (12) (z) with E 2,+ (z) = −J 6 (z) −J 7 (z) is also regular. Therefore the status of G (12) (z) can be elevated to that of a genuine screening current which we denote by S 1,2 (w).
4 Generalization to U q ( sl(n))
As far as the application of our method to other quantum affine algebras is concerned, the U q ( sl (2)) case is simplest because, unlike U q ( sl(3)), its currents E ± (z) and ψ ± (z) do not involve sums over basic fields J(z). They are given simply by
where
Here the corresponding Heisenberg algebras are defined by with an infinite number of exponential terms is present. Furthermore, for U q ( sl(2)), the analogue of our Table 1 leads to β 1 = 1 and β 2 = −1.
Recall that U q ( sl(3)) has the property that one of its step currents is expressed as a single term of the form J(z) defined by 2.9 and the others are the sum of two such terms. Thus our method can in principle be extended to other quantum affine algebras who's step currents are finite linear combinations of terms of the form J i (z). This structure of currents is present for U q ( sl(n)) (the only quantum affine algebra for which a Wakimoto realization in terms of deformed bosonic fields currently exists [19] ), and very plausibly for general quantum affine algebras. Most probably, the only problem with extending our technique will be the complexity of the Wakimoto realizations of the other quantum affine algebras. For example the Wakimoto realization of U q ( sl(n)), n > 3, requires n 2 − 1 free deformed bosonic fields
. . , n(n − 1)/2 and c i , i = 1, . . . , n(n − 1)/2. In addition some of its step currents are sums of several basic currents J i (z), i = 1, . . . , m. This means that corresponding screening currents might be expressed as m − 1 infinite sums of exponential terms. The maximum value of m is n−1 and the corresponding algebras of the above bosonic fields are still given by 2.8 with 3 being replaced by n (see Ref. [19] for more details). Based on our results for both U q ( sl (2)) and U q ( sl(3)), we conjecture that those screening currents of U q ( sl(n)) expressible as single exponentials are given by
and S(z) = e a n−1 (z,(k+n)/2)+b n−1 (k+n|z,1)+c n−1 (k+n−1|z,0) . Here the bosonic fields a n−1 , b n−1 , c n−1 and c i , i = 1, . . . , n(n − 1)/2 are identified respectively with a n−1 , b n−1,n , c n−1,n and c i,j , 1 ≤ i < j ≤ n of Ref. [19] .
Conclusions
To summarise, we have found five independent screening currents for U q ( sl(3)). Four of these are expressed as single exponential operators in terms of free deformed bosonic fields. They are given by the relations 3.21. The fifth is more complicated and is written as an infinite sum of exponential operators, each of which is given in terms of free deformed bosonic fields. As in the classical case, these are all the screening currents that it is possible to construct with our method. It is still an open problem to show their uniqueness. One application of the above screening currents in the case of both U q ( sl(2)) and U q ( sl (3)) is to the computation of the correlation functions of the higher spin versions of XXZ model and their sl(3) generalisations.
A The U q ( g) Current Algebra
A.1 U q ( g)
The quantum affine algebra U q ( g) [22, 20, 23] , associated with a rank r Lie Algebra g, is generated by the elements, {e 
A.2 The Drinfeld Realization
Drinfeld has shown [21] that U q ( g) is isomorphic to the algebra generated by {E 
B OPEs
In this section, we list the OPEs relevant to the discussion of section 3. The four tables refer to the OPEs required in the four stages of the argument presented in that section. Table 1 J Table 4 J
